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In Profumo di SUSY, we presented evidence that the CMS and ATLAS Collaborations may 
have already registered a handful of deftly camouflaged supersymmetry events at the LHC in the 
multijet channels. Here, we explore the prospect for corroboration of this suggestion from five 
additional CMS and ATLAS search strategies targeting the production of light stops and gluinos 
at lower jet counts, which variously depend on heavy flavor tagging and the inclusion or exclusion 
of associated leptons. The current operating phase of the ^/s = 7 TeV LHC is highly conducive 
to the production of gluinos and light stops, given the supersymmetric particle mass hierarchy 
M(ti) < M(g) < M(q) that naturally evolves from the dynamics of the model named No-Scale T- 
SU(5) that we presently study. Moreover, some tension persists against the Standard Model data- 
driven and Monte-Carlo generated background predictions in certain LHC searches of this variety. 
We demonstrate that the 1-a overlap of the allowed supersymmetric event production for these seven 
search methodologies roundly envelops the most favorable phenomenological subspace of J r -SU(5), 
whilst handily generating a 125 GeV Higgs boson mass. In order to test the statistical significance 
of any correlations across the simulated J r -SU(5) collider response in these seven search strategies, 
we implement a multi-axis x 2 fitting procedure, yielding a best overall match in the vicinity of 
Mi/2 — 610 GeV, corresponding to light stop and gluino masses of approximately 665 GeV and 
830 GeV. Consequently, we suggest that No-Scale J r -SU(5) is a better global fit to the studied LHC 
data than the SM alone, and moreover that its predictions appear to be meaningfully correlated with 
observed low-statistics excesses across a wide variety of specialized search strategies. We suspect 
that the already collected 5 fb _1 of integrated luminosity will be sufficient to either condense or 
disperse the delicate aroma of stops and gluinos that suffuses the early search. 

PACS numbers: ll.10.Kk, ll.25.Mj, ll.25.-w, 12.60.Jv 



I. INTRODUCTION 

The Large Hadron Collider (LHC) at CERN has to 
date delivered an integrated luminosity of up to 5 fb~ 
of proton-proton collisions at a center-of-mass beam en- 
ergy of -^/s = 7 TeV, with a further 15 fb~ anticipated 
during 2012, in tandem with an upgrade to y/s = 8 TeV. 
The CMS and ATLAS Collaborations have analyzed the 
first 1-2 fb^ 1 of data in their search for signals of su- 
persymmetry (SUSY), thus far revealing no significant 
excesses beyond the Standard Model (SM) expectations. 
The absence of any definitive signal has imposed severe 
constraints onto the viable parameter spaces of the base- 
line supersymmetric models, leading pessimists to ques- 
tion whether there is even a SUSY framework extant 
in nature to discover at all. Nevertheless, a few select 
search methodologies have exhibited curious indications 
of strain between the maximum reasonable expectation 
for the background and the number of observations in 
the data [l|-[fj . This begs the question of whether such 
tensions are mere statistical fluctuations, the inevitable 
"look elsewhere" styled distribution tails that become 
probable somewhere within an exhaustive search, or per- 



haps rather early warning indicators of something much 
more significant yet to come. Given any reasonable like- 
lihood that we may indeed be witnessing the commence- 
ment, in its earliest nascent phase, of a legitimate SUSY 
signal effervescing to the surface, then it becomes imper- 
ative to closely examine these particular search strate- 
gies in unison to uncover clues as to whether they might 
originate from a common underlying physics. Such a 
multi-axis study could imply a key connection not ap- 
parent from the individual searches in isolation, allow- 
ing for the directed correlation across independent se- 
lection spaces to statistically distinguish a signal from 
the noise. The demonstration of a specifically detailed 
supersymmetric model that can expose tendencies for 
high SUSY visibility in the appropriate searches, with- 
out damaging event overproduction in those cases where 
the observations are in stricter accord with the expected 
backgrounds, would suggestively hint that the currently 
observed stresses might represent an authentic physical 
correlation after all. 

In a previous work entitled Profumo di SUSY [fj, we 
investigated a pair of early single inverse femtobarn LHC 
reports from CMS [l[ and ATLAS [J, where data ob- 



servations for events with ultra-high jet multiplicities, 
minimally seven to nine, could be readily extracted. In 
the time frame preceding release of the CMS and AT- 
LAS reports [l|, |j] , we had been strongly advocating for 
close scrutiny of precisely these sort of events |7Hl0l] , fol- 
lowing a realization that the unique spectrum of our fa- 
vored SUSY construction, and in particular its rather 
light stop squark t\ and gluino ~g, would lead to a strong 
and distinctive signal in these particular channels. Con- 
sequently, we were gratified that an initial inquiry into 
such events could be undertaken at the LHC, and buoyed 
by the observation of scant, yet nonetheless tantalizing, 
excesses in events with >7-9 jets. We thus undertook a 
carefully detailed study in Ref. p. During the intermis- 
sion between those early CMS and ATLAS reports [J 5| 
and the present time frame, numerous parallel high lu- 
minosity studies from CMS and ATLAS have appeared 
to compliment those discriminated by jet count. In the 
present work, we thus broaden our horizon to encompass 
the wider panorama of search strategies squarely directed 
at the detection of pair-produced gluinos and light stops, 
including light stops transpiring from gluino mediated 
decays. This is a calculated augmentation, given that 
our model is auspiciously predisposed to the production 
of gluinos and light stops in the present running phase 
of the LHC. Moreover, it facilitates precisely the sort of 
cross-correlation between independent experimental sig- 
natures previously described. This will be quantified in 
the present work by application of a % 2 statistical test in 
seven degrees of freedom. If the prior fleeting scent [y] of 
supersymmetry in the multijet data was corporeal, then 
that same aroma should linger also in certain of the wider 
stop and gluino searches; if it was a wishfully conjured 
mirage, then even the memory must fade in the cleansing 
light of new data. 



II. THE NO-SCALE J r -SU(5) MODEL 

The context of our study on the correlation of light 
squark and gluino SUSY searches is a model named No- 
Scale T-SU{5) \j$H%. No-Scale T-SU(5) is defined by 
the convergence of the .F-lipped SU(5) |2lK23j grand uni- 
fied theory (GUT), two pairs of hypothetical TeV scale 
vector-like supersymmetric multiplets (dubbed flippons) 
of mass My with origins in local .F-theory |24| - l28| model 
building, and the dynamically established boundary con- 
ditions of No-Scale Supergravity [29l - l33j . This construc- 
tion inherits all of the most beneficial phenomenology of 
the flipped SU(5) x U(l)x fHHHEIi] gauge group struc- 
ture, as well as all of the valuable theoretical motivation 
of No-Scale Supergravity [29l - [33| . A substantially more 
detailed theoretical treatment of the model under analy- 
sis is available in the cited references, including a rather 
thorough summary in the Appendix of Ref. [8| . 

Since mass degenerate superpartners for the known 
SM fields are not observed, SUSY must itself be bro- 
ken around the TeV scale. In the Constrained Minimal 



Supersymmetric Standard Model (CMSSM) and mini- 
mal supergravities (mSUGRA) [35[ , this occurs first in a 
hidden sector, and the secondary propagation by gravi- 
tational interactions into the observable sector is param- 
eterized by universal SUSY-breaking "soft terms" which 
include the gaugino mass M]/ 2 , scalar mass Mo and 
the trilinear coupling A. The ratio of the low energy 
Higgs vacuum expectation values (VEVs) tan/3, and the 
sign of the SUSY-preserving Higgs bilinear mass term 
\i are also undetermined, while the magnitude of the /i 
term and its bilinear soft term B^ are determined by 
the Z-boson mass Mz and tan j3 after electroweak sym- 
metry breaking (EWSB). In the simplest No-Scale sce- 
nario, Mo=A=B fi =0 at the unification boundary, while 
the complete collection of low energy SUSY breaking 
soft-terms evolve down with a single non-zero parameter 
Mi/2- Consequently, the particle spectrum will be pro- 
portional to M1/2 a t leading order, rendering the bulk 
"internal" physical properties invariant under an over- 
all rescaling. The matching condition between the low- 
energy value of B^ that is demanded by EWSB and the 
high-energy B^ = boundary is notoriously difficult 
to reconcile under the renormalization group equation 
(RGE) running. The present solution relies on modifi- 
cations to the /3-function coefficients that are generated 
by radiative loops containing the vector-like flippon mul- 
tiplets. By coupling to the Higgs boson, the flippons 
will moreover have an impact on the Higgs boson mass 
nih [36l438| . resulting in a 3-4 GeV upward shift in rrih, 
handily generating a Higgs mass of 124-126 GeV |2(j] that 
is in fine accord with the recent ATLAS and CMS re- 
ports mm. 

Pertinent to the present work, we have previously 
demonstrated the range of the T-SU(5) model space that 
is adherent to a set of firm "bare-minimal" phenomeno- 
logical constraints [15| . including consistency with the 
world average top-quark mass mt [411 ] . the dynamically 
established boundary conditions of No-Scale supergrav- 
ity, radiative electroweak symmetry breaking, the cen- 
trally observed WMAP7 CDM relic density [42|, and 
precision LEP constraints on the lightest CP-even Higgs 
boson rah |43|, |44| and other light SUSY chargino and 
neutralino mass content. We have moreover estab- 
lished a highly constrained subspace, dubbed the Golden 
Strip pj], [ljj [lj| , that is noteworthy for its capacity to 
additionally conform to the phenomenological limits on 
rare processes that are established by measurement of the 
muon anomalous magnetic moment (<? M — 2)/2 and the 
branching ratios of the flavor-changing neutral current 
decays b — >• sj and Bg —> fi + fi~. A similarly favorable 
Silver Strip slightly relaxes the constraints imposed by 
(9, -2). 



III. T-SU{5) STOPS AND GLUINOS 

Production of the light stop t\ and gluino g at the early 
LHC in the first 5 fb _1 of integrated luminosity and nat- 



urally accounting for a 125 GcV Higgs boson tend to be 
mutually exclusive goals for the traditional MSSM con- 
structions. In particular, the mechanism for elevation of 
the Higgs mass will typically correspond to squark and 
gluino masses which are far too heavy to have yet crept 
above the SM background for the initial y/s = 7 TeV 
operating phase of the LHC. For instance, it has been 
suggested that in the CMSSM and mSUGRA, the only vi- 
able remnant of solution space that has thus far survived 
the rapidly encroaching LHC constraints while deliver- 
ing a 125 GeV Higgs boson mass requires a super-heavy 
scalar mass mo of 10-20 TeV [431, which is well beyond 
reach of the LHC operating energy, both currently and 
into the future. The additional contributions from the 
vector-like flippons are the key to differentiating J--SU(5) 
from the CMSSM and mSUGRA. The flippon loops al- 
low a 125 GeV Higgs boson in conjunction with a light 
TeV-scale SUSY spectrum. In contrast, the CMSSM and 
mSUGRA require very large values of the trilinear A- 
term, which pushes mo to very large values, such that the 
extremely massive stop and sbottom squark masses lead 
to severe electroweak fine-tuning [45|. No-Scale J--SU(b) 
takes advantage of the same strongness of the Higgs to 
top quark coupling that provides the primary lifting of 
the SUSY Higgs mass to generate a hierarchically light 
partner stop in the SUSY mass-splitting. However, this 
rather generic mechanism is not in itself enough. The 
model further leverages the same vector-like multiplets 
which provide the secondary Higgs mass perturbation to 
flatten the RGE running of universal color-charged gaug- 
ino mass M3, blocking the standard logarithmic enhance- 
ment of the gluino mass at low energies, and producing 
the distinctive mass ordering M(t\) < M(g) < M(q) of 
a light stop and gluino, both substantially lighter than 
all other squarks. The stability of this distinctive mass 
hierarchy is manifest across the entire model space, a 
hierarchy that is not precisely replicated in any MSSM 
constructions of which we are aware. 

Indeed, it is specifically because the light stop t\ and 
gluino g are less massive than the heavier bottom squarks 
61 and 62 and the first and second generation left and 
right squarks q~R and qi, that we are afforded a uniquely 
distinctive test signature for J r -SU(5) at the LHC. This 
spectrum generates a characteristic event topology start- 
ing from the pair production of heavy squarks q and/or 
gluinos g in the initial hard scattering process, with each 
squark likely to yield a quark-gluino pair q — > qg in the 
cascade decay. The gluino will tend to decay via QCD 
to a typical 2-jet final state as g — > qqxl, though at an 
atypically low 60% branching ratio. The weakly inter- 
acting lightest neutralino x? escapes the detector unseen, 
leaving only an imprint of missing energy. This leaves al- 
lowance for the production of light stops through gluino 
decays g — > t{t at a relatively high rate of 40%, where the 
light stops decay as t\ — > i%5 at 58% and as t\ — > b%\ 
at 32%. We note that the intermediate light stop may 
tend to be off shell, particularly for the lighter F-SU(h) 
spectra, below a gaugino mass Mi/ 2 of about 700 GeV. 



The repercussions of these final states are two-fold. 
Firstly, it is expected that each gluino will produce at 
least four hard jets 40% of the time. Processes such 
as this may then consistently exhibit a net product of 
eight or more hard jets emergent from a single squark- 
squark, squark-gluino, or gluino-gluino pair production 
event. When the further process of jet fragmentation is 
allowed after the primary hard scattering events and the 
sequential cascade decay chain, this will ultimately re- 
sult in a spectacular signal of ultra-high multiplicity final 
state events. Events with very high multiplicity jets have 
received little study in legacy experiments such as LEP 
and those at the Tevatron, though fortunately such anal- 
yses are now beginning to receive more than just sporadic 
attention at LHC. Recognizing the prospect of a conve- 
niently encoded SUSY signal within such multijet events, 
we optimistically anticipate a near-term expansion search 
horizon in the high multiplicity regime. 

A second impact of the F-SU(5) final states could be 
discovery of the light stop and gluino production itself. 
Considering the high production rate of gluino mediated 
light stops at 40%, those SUSY searches currently fo- 
cused more intently on the g — > tit, t\ — > b\i , and 
t\ — > txi channels may also expect to reap tangible ben- 
efits within this construction. In contrast to the rela- 
tively unexplored region of ultra-high jet multiplicities, 
searches more directly focused on gluino and light stop 
production are gaining maturity. These searches typi- 
cally concentrate on final product states of b-jets (heavy 
flavor tagging) and leptons, along with smaller multiplic- 
ities of jets. Thus, we would not be surprised at all if an 
initial conclusive signal discovery emanated from these 
search methodologies. In fact, a dual signal emergent in 
gluino and stop production search strategies and in the 
ultra- high jet multiplicity events will be highly suggestive 
of F-SUfi) origins. 

A further consequence of the accessible mass of the 
J : -SU(5) light stop in the present operational phase of 
the LHC is the more pronounced direct production cross- 
section of the light stops from the hard scattering event. 
An inspection of the direct production cross-sections for 
squarks, gluinos, and light stops, along with the branch- 
ing ratios, yields an expectation that about 15-20% of 
light stop production at the LHC in an T-SUfi) frame- 
work would be pair-production directly from the hard 
scattering collision. This is in contrast to other MSSM 
based constructions, where it is not uncommon for less 
than 1% of all light stops to be produced directly. 



IV. THE LHC SUSY SEARCH 

We now focus on seven ongoing LHC SUSY search 
strategies, of which five are substantially orthogonal in 
construction, that are sensitive to the F-SU(5) final 
states comprised of stops and gluinos decaying into some 
quantity of jets. Each one of these seven event selec- 
tion methodologies exhibits at least slight positive strain 



against the expectation for the SM background, a corre- 
lation that we shall demonstrate may not be coincidental. 
First, we offer a concise summary of each search strat- 
egy, then present the T-SUfi) contribution to each in 
Section I VII followed by a multi-axis % 2 best fit against 
the full contingent of selection strategies in Section IVIII 



A. CMS Purely Hadronic Large Jet Multiplicities 

This search is detailed in Rcf. [l| and based upon a 
data sample of 1.1 fb _1 . All hadronic events with high 
Pt are discriminated by jet count, allowing for smooth 
extrapolation of events with very high jet multiplicities. 
The primary cuts are H T >375 GeV, E^ Iiss >100 GeV, 
and pt >50 GeV. We use the data sample with no oct 
cut, which we have argued is actively biased against 
events with high multiplicities of jets Q- We apply a 
further cut on jet count, retaining only those events with 
greater than or equal to nine jets. This search strat- 
egy is very favorable for exposing an T-SUfi) signal em- 
anating from the sequential cascade decays of gluinos, 
squarks, and light stops to many jets. We have studied 
this search methodology in some detail in Ref. Q , and we 
now reprise that analysis with the intent of revealing any 
potentially hidden correlations with a much more broad 
sampling of contemporary LHC SUSY searches. 



B. ATLAS Large Jet Multiplicities 

The fine points for this search can be found in Ref. [J] , 
in a study based upon 1.34 fb _1 of data. Here again, 
all events are segregated by jet count, permitting a 
straightforward extraction of events of all high multi- 
plicity jet counts. Additionally, four key combinations 
of the jet count and transverse momentum px per jet 
thresholds arc isolated in the tables for detailed study. 
We choose to keep only those events with at least 7 jets 
with p T >80 GeV for the case of E T * iss /y/H T ~ >3.5. As 
with the preceding SUSY search, this scenario will also 
be sensitive to the large F-SU(h) multijet final states. 
Likewise, we invested much detail in the analysis of this 
search strategy in Ref. [6[, which we again carry over in 
the interest of exposing correlations within a more com- 
prehensive range of possible channels for a SUSY dis- 
covery. The present incarnation of this search docs differ 
with our prior report in one regard: we have opted in this 
work to employ the cone jet finding algorithm provided 
with PGS4 [46[ rather than the kt jet alternative. 



C. ATLAS B-jets plus Lepton 

The first undertaking of this ATLAS search strategy is 
defined in Rcf. [2j, employing a data sample of 1.03 fb _1 . 
The requirement here is at least four jets, a minimum of 
one b-jet, precisely one lepton, pt >50 GeV for all jets, 



E^ >80 GeV, and M eff >600 GeV. In our analysis 
here, we choose to harness the data-driven background 
findings. This strategy will be sensitive to large cross- 
sections of g~g production with large branching ratios for 
g — > tit, as is expected in J r -S'C/(5). Therefore, this 
strategy is very sensitive to gluino-mcdiatcd light stop 
production in J--SU(5), which is currently in a very fa- 
vorable production phase at the LHC. However, we must 
note that the simplified model interpretation in Ref. [2| 
assumes a 100% branching ratio for t\ — > b\\ , whereas 
the F-SU(5) branching ratio is only 32%. Thus, we cau- 
tion that the !F-SU(b) spectra may be misrepresented in 
the generic imposition of model limits. 



D. ATLAS B-jets plus Lepton SR1-D 

The ATLAS B-jets plus Lepton search in the previous 
subsection has been updated to an extent in Ref. j47j 
for 2.05 fb _1 . While still implementing the same pre- 
selection cuts as Ref. [2[, the cuts on the leading jet pt 
and M e ff have been altered, in turn significantly affect- 
ing the surviving background sample, and possibly any 
embedded signal as well. Therefore, we consider the shift 
in the final results to be consequential enough to warrant 
an independent analysis of Refs. [2( and [431 ■ In Ref. j47| . 
the two strategies of interest here are the SR1-D and 
SR1-E. In the case of SR1-D, the search parameters have 
been updated such that the pt for the leading jet has 
been raised to pt >60 GeV and the cut on effective mass 
has been increased to M e // > 700 GeV. 



E. ATLAS B-jets plus Lepton SR1-E 

The additional SR1-E scenario of Rcf. [2|, over and 
above the further cuts implemented in SR1-D, has 
elevated the missing energy component to S™" s > 
200 GeV. In our analysis to follow in Section IVT1 we shall 
clearly discriminate between the three ATLAS B-jets plus 
Lepton cases due to the substantial impact that the re- 
timed cuts have on the data sample. Each scenario will 
therefore illustrate a unique state of the SUSY discovery 
program. 



F. ATLAS Purely Hadronic Events 

This study is based upon the search methodology in 
Ref. [JJ, using a data sample of 1.04 fb _1 . We apply 
the "High Mass" cuts, consisting of at least four jets, 
PT >80 GeV (pt >130 GeV for the leading jet), no lep- 
ton, E T Hss >130 GeV, and M eff >1100 GeV. The intent 
of the "High Mass" strategy is to extend a maximal reach 
into the SUSY mass spectrum. Sensitivity will be high 
for models with large cross-sections of pair-produced gg, 
gq, and qq, where q — > qxl and g — > qqxl- As indi- 
cated earlier, the gluinos in J r -S'C/(5) arc lighter than all 



squarks except the light stop, hence the q —> qg channel 
will prevail more than 90% of the time for the qn and 
two-thirds of the time for the (Jl- Thus, the q — > qxl 
path is comparatively suppressed in !F-SU(5). However, 
with the rate of gluino to jets at 60% for g — > qqxi, this 
search should remain sensitive to the F-SU^) gluino 
production. Since leptons are explicitly excluded, the 
QCD background here is expected to be troublesome. 
The implementation of the "High Mass" cuts certainly 
alleviate the QCD predicament to some degree, although 
the signal may also be diminished in scope as well. 



G. CMS Jet-Z Balance 

We employ the search of Ref. [5| here, which is based 
upon a data sample of 2.1 fb _1 . The JZB method con- 
centrates on states containing a Z-boson, jets and miss- 
ing energy. The advantage here is that the contribution 
from Z —> l + l~ is clean, and the Z+jets contribution can 
be predicted. This is sensitive to SUSY gg production, 
with the gluino decay to a neutralino via g — > 99X21 f°l- 
lowed by X2 ~~ *" z Xi- However, the branching ratio of 
g -> qqxl is only 18% in F-SU(5), while the xl ~> z Xi 
is a mere 0.34%. Thus, with only a 0.06% probability of a 
g — > qqZxl transition, expectations are that this channel 
will experience high suppression in J--SU(5), and hence 
provide no observable SUSY signals within the 2.1 fb _1 
data sample. 



V. SIMULATION AND ERROR ANALYSIS 

The explicit event selection scenarios from each of the 
seven CMS and ATLAS search strategies A-G discussed 
in the previous section are applied to a representative 
sampling of the viable J r -SU(5) parameter space sat- 
isfying the bare- minimal constraints of Ref. [151 ]. The 
resulting event counts are extrapolated to the full phe- 
nomenologically viable model space for each of the seven 
cases, as depicted in Fig. [TJ To achieve this result, we 
employ a detailed Monte Carlo collider-detector simu- 
lation of all 2-body SUSY processes based on the stan- 
dard MadGraph [HHH] suite, including the MadEvent \j$, 
PYTHIA [U and PGS4 HH chain. We employ the AT- 
LAS and CMS detector specification cards provided with 
PGS4, and specify the cone jet clustering algorithm in all 
cases, with an angular scale parameter Ai? of 0.5 for 
CMS, and 0.4 for ATLAS. The results are filtered ac- 
cording to a careful replication of the individual SUSY 
search selection cuts, using a script CutLHCO of our own 
design [52|. SUSY particle mass calculations were per- 
formed using MicrOMEGAs 2.1 [5j|, employing a propri- 
etary modification of the SuSpect 2 . 34 [54j codebase to 



run the flippon-enhanced RGEs. 

An estimated uncertainty on the fitting between the 
simulated J : -SU(5) event counts and the mass scale M 1 / 2 
is computed, representing a 99% confidence level. This 



narrow region of uncertainty on the T-SUfi) simulations, 
represented by the band width in Fig. [TJ characterizes a 
combination of statistical uncertainty and variations in 
the vector-like flippon mass due to a yet unknown reso- 
lution of this My parameter. Although the flippon mass 
can in principle be limited to a more constrained range 
in order to facilitate a 124-126 GeV Higgs boson mass, 
we have depicted in Fig. [JJ a range of uncertainty that 
would be inclusive of all flippon masses, for the sake of 
completeness. For reference, the nominal best M l / 2 fit 
to each individual study is further included. We over- 
lay the upper and lower boundaries of uncertainty on the 
CMS and ATLAS derived background and data observa- 
tions, displayed as rectangular shaded regions in Fig. [JJ 
This allows us to clearly demonstrate those regions of the 
F-SU(5) model space that comply with each individual 
search methodology, noting estimated lower bounds on 
Mi/%, an d in one particular case, also an upper bound 
on M 1/2 . 

We have attempted to normalize the treatment of error 
propagation across the various studies under considera- 
tion. In all seven cases, we are provided an uncertainty on 
the SM background estimate by the collaboration. In one 
of these cases [l(, the uncertainty is carefully extracted 
bin-by-bin from the graphical presentation and summed 
in quadrature, while the remaining six reports provide 
direct numerical values. Whenever statistical and sys- 
tematic errors are provided separately, we likewise com- 
bine these in quadrature. When given a choice between 
data-driven and Monte Carlo analyses, we favor the back- 
ground estimate and associated (reduced) error provided 
by the data-driven methodology. If differential upper and 
lower bounds are provided, we adopt the larger of the 
error statistics. The central background estimates and 
associated 1-cr deviations are listed in the second column 
of Table [TJ in Section IVII for each study. 

In general, the collaboration studies have not provided 
an explicit uncertainty on the observed data counts, but 
one may confidently expect Poisson statistics to apply 
here, and an error scaling that goes like the square root 
of the recorde d events. Specifically, we adopt a factor of 
y/(l + Data) across the board, which compares satisfac- 
torily with a graphical extraction of the event frequency 
bounds published in Ref. |l|. The relevant observations 
are summarized in the third column of Table |U Since 
the nominal target for SUSY event contributions is the 
observed excess of the recorded data over the SM back- 
ground estimate, this statistical uncertainty on the event 
count must be combined in quadrature with the previ- 
ously described uncertainty of the background estimate 
itself. Reassuringly, a doubling of this statistic to the 
2-er level generates a very favorable match to the 95% 
confidence outer bounds on SUSY counts over observed 
excesses that are reported in Refs.JJ, |47|. 

Finally, any reported excess must be compared against 
our Monte Carlo simulation of the J r -SU(5) model space. 
The statistical errors on our procedure are very small, 
being minimized by substantial oversampling of the in- 
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FIG. 1: Event counts for J : -SU(5) are plotted as a function of the gaugino mass M1/2. The span of JW1/2 in each plot 
space consists of the minimum M1/2 = 385 GeV and maximum M\n = 900 GeV allowed by application of the bare-minimal 
phenomenological constraints of Ref. [lg]- The thickness of each curve is the consequence of a superposition of statistical 
uncertainty and the flexible range on the flippon mass My, where variance of Mv has a minor effect on the event counts. The 
median line transversing the thickness is the best nominal fit to the J--SU(5) event count data. The rectangular shaded regions 
identify the maximum and minimum number of events allowed to maintain consistency with the CMS and ATLAS reported SM 
background and data observations. Therefore, the intersection of the J r -5C/(5) curves with the rectangular range of uncertainty 
isolates the estimated upper and lower boundaries on JW1/2 in F-SU(5) that preserve uniformity with the CMS and ATLAS 
results for each individual search. 



tcgratcd luminosity. Moreover, the application of a com- 
bined full-model space fit of the expected event count 
against the gaugino mass Mi/ 2 further smoothes out sta- 
tistical variations. There remains some uncertainty due 
to variation of the vector-like flippon mass scale My, but 
this higher order effect is nicely accounted for by the 
demonstrated width of the curves in Fig. [TJ and is thus 
not further considered outside that context. On the other 
hand, the systematic errors on our procedure may be 
rather large, and are quite difficult to reliably estimate 
in a systematic manner. We have opted to employ a fac- 
tor of y/{l + Observed Excess), where the observed ex- 
cess that the experiments report over the expected back- 
grounds are tallied in the fifth column of Table Q] Al- 
though this quantity is actually more naturally suited to 
describe the sources of statistical error than the system- 
atic, it may still be a reasonable estimate for the sys- 
tematic error, in the absence of other concrete options. 
Since the comparison of our simulation against the ex- 
perimental results constitutes an implicit second level of 
subtraction, the corresponding error must again be com- 
bined in quadrature with the net experimental error on 
the data excess. It is this final statistic that is employed 
to tally the minimum and maximum permissible event 
count variation at the 1-ct level in columns 4 and 6 of 
Table Q] It is also used as the denominator of our subse- 
quent multi-axis % 2 best fit against the seven LHC SUSY 
search strategies that have been outlined. 



VI. THE F-SU(5) CORRELATIONS 

Notable in Fig. [1] is the consistency which the T- 
SU(5) model enjoys with all seven search schemes, with 
each generally sharing a similar locally favored region of 
the parameter space. Excluding the highly suppressed 
CMS JZB search, the smallest lower bound is given by 
the ATLAS bjet and lepton search, at a little less than 
M 1/2 = 440 GcV, with the ATLAS and CMS multi- 
jet searches also posting sub-500 GeV gaugino masses. 
In close proximity, the ATLAS bjet and lepton SR1- 
D search does however set a lower bound on Mw 2 just 
slightly above 500 GeV. As forecasted, the minuscule pro- 
duction of qqZxl does in fact mightily subdue the num- 
ber of J--SU(b) observations in the CMS JZB cutting 
technique, such that no lower boundary can be ascribed 
to Mi/2 using the JZB tactic. Thus, it is interesting that 
five of the seven searches fix the lower bound on M x / 2 at 
about 500 GeV or less. The residual two probes, namely 
the ATLAS purely hadronic "High Mass" cuts and AT- 
LAS bjet and lepton SRI-E, call for a lower limit on M 1 / 2 
in the neighborhood of 550 GeV. Consequently, we can 
conclude that the IF-SU(5) model space just above about 
Mi/2 — 550 GcV is alive and well after application of all 
CMS and ATLAS 1-2 fb" 1 constraints, with the model 
space above M1/2 = 500 GeV perfectly tolerated in five of 
the seven searches. Linking these Mi/ 2 model parameter 
values to experimentally vital scales, Mi/ 2 = 550 GeV 



corresponds to a light stop ti mass of about 600 GeV 
and a gluino g of about 750 GeV; M x / 2 = 500 GeV cor- 
relates to a light stop of about 540 GeV and a gluino of 
around 690 GeV. 

Six of the seven schemes require no upper bound on 
M1/2 as a result of there existing no inordinate num- 
ber of excess events. Nonetheless, the ATLAS bjet and 
lepton study does exhibit an excess even at the maxi- 
mum 1-ct Standard Model limit, when applying the data- 
driven background statistics. The experimental collabo- 
rations at LHC are striving for data-driven backgrounds 
in their SUSY searches, hence we believe the choice of 
data-driven over Monte-Carlo generated to be justified. 
If this small residue is indeed substantive, then we are 
compelled to enforce an upper boundary on M1/2 at 
about 710 GeV, which corresponds to a 785 GeV light 
stop mass and 970 GeV gluino mass. The interesting 
material result is the constitution of a narrow strip be- 
tween 565 < M1/2 ^ 710 GeV corresponding to an over- 
lapping "Discovery Region" that is favorable for a po- 
tential finding of SUSY at ATLAS and CMS. In the up- 
per panel of Fig. [2 we visually demonstrate this over- 
lap by resketching those segments of the curves from 
Fig. [1] that maintain compatibility at 1-ct with experi- 
mental uncertainties on each search. We remark that the 
upper limit imposed here is somewhat provisional, pend- 
ing a more substantial accumulation of collision data. In 
particular, the collaborations themselves maintain that 
the SM alone remains essentially compatible with the 
data, to an acceptable statistical significance. Neverthe- 
less, the current single standard deviation limits taken 
at face value suggest an upper boundary for substantia- 
tion or exclusion on the F-SUfi) model space at about 
M1/2 - 710 GeV (ti ~ 785 GeV and g ~ 970 GeV). 

The spatial synchronicity displayed by the Discovery 
Region in Fig. [5] with the phcnomcnologically derived 
Golden Strip at 555 < M 1/2 < 580 GcV and Silver 
Strip at 580 < M 1 / 2 < 658 GeV is rather striking, and 
embodies the recurring weight of strong correlation be- 
tween ostensibly independent experimental data points 
that we have become increasingly accustomed to observ- 
ing throughout our extended study of the No-Scale T- 
SU(5) model. It is an essential prerequisite that any 
high-energy framework of nature discovered by precise 
measurements at LHC must correctly simultaneously ac- 
count for the WMAP-7 measured relic density, the top 
quark mass and other precision electroweak parameters, 
and the rare-process constraints. This is a test that No- 
Scale !F-SU(5) seems well poised to pass. 

The SM background, data observations, and uncer- 
tainty statistics are detailed in Tabic UJ The "Total SM" 
and "Data" tabulations are those reported by CMS and 
ATLAS. The "Signal M in" and "Signal Ma x" entries de- 
scribe the 1-ct confines on the range of excess SUSY 
events, as shown in Fig. [TJ We further display in this 
table nine markers of the expected event count in terms 
of M1/2 to numerically illustrate the relevant progres- 
sion through the region of interest. Those entries high- 
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FIG. 2: In the upper panel, we superimpose event counts for the seven search methodologies studied in this work, labeling 
the 1-cr overlap between these strategies as the "Discovery Region". The lower panel depicts a multi-axis x 2 fit to the same 
set of seven search strategies, where the cumulative distribution function percentage demarcated on the right-hand axis dips 
to a minimum of 5.5% for the best overall fit at M1/2 = 610 GeV. The range of the parameter space that provides a better 
fit than the median at 1-cr significance is in broad agreement with the previously noted Discovery Region, and both notably 
intersect with the phenomenologically favored Golden Strip and Silver Strip regions. The light stop and gluino masses (in GeV) 
corresponding to each M1/2 value have been inserted onto the lower horizontal axes. Uncertainties of a few GeV exist in the 
mapping of the axis labels for both cases, due to higher order fluctuations arising from variation in the top quark mass mt and 
flippon mass My. 



lighted in green depict consistency with the allowed range 
of uncertainty. For the ranges displayed in Table Q] those 
points in the vicinity of M 1 / 2 = 600-650 GeV are best 
capable of simultaneously satisfying all seven LHC search 
strategies. Note that the width of the Discovery Region 
in Fig. [2] is somewhat wider than this boundary, due to 
the thickness of the fitting to event counts. Five bench- 
mark spectra are listed in Table [TT1 by their model param- 
eters, along with those supersymmetric particle masses 
directly relevant to our discussion. The presented bench- 
marks are chosen specifically to highlight the nominal 
best fits to various SUSY search strategies from Sec- 
tion IIVI Specifically note the Higgs boson masses near 
125 GeV for each, in tandem with the light stop and 
gluino. 



VII. A MULTI-AXIS x 2 FIT 

We have implemented a x 2 test in order to establish the 
optimal correspondence between the No-Scale J 7 -SU(5) 
model space and the ongoing LHC SUSY search, and also 
to gauge the overall statistical significance of the resulting 
best fit. To facilitate this task, it was necessary to first es- 
tablish a continuous functional relationship between the 
gaugino mass Mi / 2 and the expected event count for each 
SUSY search strategy under consideration. It should be 
noted that this process is greatly simplified, and the re- 
sult thereby lent much greater parsimony, by the fact that 
the spectrum is generated at leading order by only the 
single mass parameter. To proceed, we generously sam- 
pled the F-SU(5) model space at nineteen representative 
benchmark combinations of (M 1 /2,JWv,mt and tan/3), 
generating a detailed Monte Carlo collider-detector sim- 
ulation, including the careful application of relevant se- 
lection cuts, as described in Section |V] For each search 
strategy, a satisfactory continuous empirical fit was ob- 
tained by linear regression at quadratic order to the log- 
log distribution of event counts vs. Mi/ 2 . 

The x 2 test statistic, which is expected to asymptoti- 
cally approach the formal x% distribution, is defined as 



N 



X 2 (M 1/2 ) = J2 



J (Events(M 1 / 2 )i — Excess^ 



rl- 



di 



where Events(M 1 / 2 )i is the continuous fit to the num- 
ber of SUSY events expected from J 7 -SU(5) at the given 
mass scale, Excess^ is the observed excess from Table U 
and of is the square of the single standard deviation error 
described in Section I VII all under the i set of selection 
cuts, with N = 7. The resulting function is plotted in 
the lower panel of Fig. [2j demonstrating a distinct mini- 
mum in the vicinity of Af x / 2 = 610 GeV, corresponding to 
light stop and gluino masses of approximately 665 GeV 
and 830 GeV. The significance of the fit is established 
by comparison with the formal x% probability distribu- 
tion with N degrees of freedom, which establishes the 
likelihood of a given value for the x 2 test statistic under 



application of the "null hypothesis", i.e. where all sig- 
nal deviations from the observed excess arc attributed to 
uncorrclated Gaussian fluctuations about the <Xj. 

The figure of merit is the cumulative distribution func- 
tion (CDF) of Xatj which indicates the fraction of ran- 
domized trials under action of the null hypothesis that 
should be expected to produce a lower value (better fit) 
of the x 2 test statistic than some given threshold value. 
The median value of the CDF for N — 7 is 6.35, and 
the double-sided ±1,2<t CDF values, corresponding to 
the traditional Gaussian percentage thresholds of 2.28%, 
15.87%, 84.13% and 97.73% (centrally encapsulating 68% 
and 95%), fall at X 2 = (1.64,3.44,10.57 and 16.27), re- 
spectively. The best fit value of M 1 / 2 produces a rather 
small x 2 of 2.24, corresponding to a CDF of 5.5%, imme- 
diately on the cusp of the range generally considered to 
represent a statistically significant deviation from the null 
hypothesis. The fit produced in the SM limit, the asymp- 
tote of the soft high-mass boundary in the lower panel of 
Fig.[2l is also reasonably satisfactory, with x 2 = 4.62, and 
a CDF of 29.4%. Models disfavored for overproduction 
at the 2- and \-o limits have mass scales M\ i 2 of 501 GeV 
and 518 GeV, respectively, while the median fit occurs at 
538 GeV. Models favored by a negative deviation of one 
standard deviation or more in the CDF exist within the 
range from M 1/2 = 564 GeV to M 1/2 = 709 GeV, with 
the best fit, again, around Mi/ 2 — 610 GeV. 



VIII. THE ONCE AND FUTURE LHC 

We close our analysis with a brief glance in postscript 
toward the future s/s = 8 TeV beam energy and 15 fb _1 
of data expected in 2012, as well as the already collected 
5 fb _1 at yfs = 7 TeV that remains to be reported. If the 
results presented in our study in fact represent persistent 
correlations in the data, and not merely statistical fluc- 
tuations, then evidence of their verity should continue 
to ripen. The "Observed Excess" in Table Q] exemplifies 
the slender corridor with which we are attempting to ex- 
tricate a signal of supcrsymmetry's presence in the data. 
All excesses but one are less then five events, making pre- 
cise extrapolations tenuous. Moreover, the subtraction of 
large numbers (the net event count and the expected SM 
background) to yield a small differential implies rather 
large proportional uncertainties, pushing the statistical 
machinery to extremes. This is a key reason that the SM 
asymptote maintains a reasonably favorably x 2 value in 
Fig. [2] 

Although (or because) we remain in a fledgling phase 
of the LHC data collection mission, and the status of 
plausible signal candidates is still tentative, this is also 
a period of incredibly rapid and dynamic development 
at the high energy and high intensity frontiers. Firstly, 
the fact that the beam quality is still being tuned means 
that the time integrated luminosity continues to grow 
much more rapidly than a linear trend. Secondly, since 
the doubling interval for data collection is still somewhat 
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TABLE I: A comparison of the F-SU(5) event counts for each of the seven search strategies discussed in Section HVl The "Total 
SM" and "Data" columns display the reported SM background and data observations by the CMS and ATLAS Collaborations, 
with the "Observed Excess" column being the difference between the nominal values of the SM and data. The "SignalMin" 
and "SignalMax" values are the minimum and maximum allowed event counts in order to be consistent with the background 
and observations, where the error analysis determination is elaborated in Section[V] The "My 2 " columns (in GeV) contain the 
J--SU(5) event counts for each of the Mi/ 2 gi ven , for a mass range chosen to represent those regions of the parameter space 
consistent with the LHC searches under study. The highlighted event counts are those that conform to the stated range within 
the "SignalMin" and "SignalMax" upper and lower boundaries. 
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5.0 


3.6 


2.4 
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D 


77.0 ± 18.4 


81 


0.0 


4.0 


24.7 
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31.3 


23.8 


18.0 


13.5 


10.0 
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5.1 
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0.0 
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21.0 


16.6 


13.1 


10.2 


7.9 


6.0 


4.5 


3.2 
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13.1 ±3.1 
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0.0 


4.9 


10.8 


26.6 


20.9 


16.3 


12.7 


9.8 


7.5 


5.7 


4.3 


3.1 
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7.0 ±2.6 
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0.0 


4.0 


8.9 


1.2 


0.9 


0.7 


0.6 


0.4 


0.3 


0.2 
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TABLE II: Higgs boson and sparticle masses (in GeV) are given for five benchmark gaugino masses M1/2, representative of 
a best fit for each search methodology examined in this work. The light stop t\ and gluino g columns have been highlighted 
to reflect their discovery mass ranges, all of which should be accessible at the ^fs = 8 TeV LHC in 2012, whereas the lighter 
points may have already been substantively probed by the tJ~s = 7 TeV LHC during the 2011 run. The M1/2 = 518 GeV 
point is the representative benchmark of Ref. [20( |. The M x / 2 = 610 GeV point is also indicative of the precise minimum of 
the multi-axis x fit described in Section IVHI Significantly each of the five benchmarks cataloged here can moreover handily 
generate a 124-126 GeV Higgs mass. 
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F 
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low, newly accumulated statistics make extremely strong 
fractional contributions to the combined knowledge over 
reasonable time scales. A growth of the excess to a min- 
imum of ten events will assist in sharpening the analysis 
to a degree, and we suspect that a full analysis of the 
2012 statistics should put us well on the way toward a 
conclusive resolution to the matter. Thirdly, the shortly 
anticipated upgrade to a y/s = 8 TeV beam will substan- 
tially enhance the expected SUSY event cross-sections; 
our Monte Carlo simulations attribute an improved time 
efficiency in the collection of productive data on the order 
of two to this upgrade. 

Table ITnl reports the extrapolated signal significance at 
5 fb -1 for ^/s = 7 TeV, computed as the ratio S/\/B + 1 
of signal events S to the square root of one plus the ex- 
pected background B, for each of the seven considered 
SUSY searches A-G, assuming viability of the central 
X 2 fit at M 1/2 = 610 GeV. The "discovery index" (DI) 
calculates the required scaling on luminosity, reported in 
inverse femtobarns, that would be required to establish 
a nominal signal significance of five. Also shown is the 
signal significance at 15 fb~ for ^fs = 8 TeV, summed 
with the statistics for 5 fb~ for y/s = 7 TeV, for a total 
of 20 fb~ . We see that four of the seven searches exceed 



the gold standard of 5.0 for signal significance for the to- 



tal collected luminosity of 20 fb 
of 2012. 



expected by the close 



IX. CONCLUSIONS 

No conclusive indication of supcrsymmetry (SUSY) 
has been observed at the early LHC as the accumula- 
tion of data advances toward 5 fb -1 , yet could enticing 
clues be germinating in the massive collection of observa- 
tions? This is the challenging question that presently at- 
tracts our interest, and which we may currently attempt 
to address only by leaning upon the limited 1-2 fb -1 
of integrated luminosity amassed thus far. Although we 
cannot argue for incontrovertible evidence of SUSY peep- 
ing beyond the Standard Model veil, we can safely sug- 
gest that No-Scale J r -S'L r (5) is a better global fit to the 
data than the SM alone, and moreover that its predic- 
tions appear to be meaningfully correlated with observed 
low-statistics excesses across a wide variety of specialized 
search strategies, while gracefully avoiding devastating 
overproduction where events are not observed. This is 
a strong statement in an era when the portion of phc- 
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TABLE III: The extrapolated signal significance S/\/B + 1 at 5 fb _1 for y/s = 7 TeV is presented for each of the seven 
considered SUSY searches A-G, for M-^/2 — 610 GeV. The "discovery index" (DI) calculates the required scaling on luminosity, 
reported in inverse femtobarns, that would be required to establish a nominal signal significance of five. Also shown is the 
signal significance at 15 fb -1 for yfs = 8 TeV, summed with the statistics for 5 fb _1 for yfs — 7 TeV, for a total of 20 fb -1 . 
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nomenologically viable MSSM and mSUGRA construc- 
tions is diminishing rapidly, choked out by inconsistency 
with the Higgs measurements and advancing squark and 
gluino exclusion limits. 

The No-Scale T-SU(5) model, by virtue of its distinc- 
tive supcrsymmetric mass hierarchy of M(t±) < M(Jf) < 
M(q), possesses the signature event fingerprint of a very 
high multiplicity of hadronic jets. Moreover, the light 
stop and gluino masses, possibly within reach of data col- 
lected during the y/s = 7 TeV LHC run, renders presently 
maturing searches aimed at stops and gluinos quite per- 
tinent to the testing of T-SU(5) as well. Building upon a 
prior analysis of two existing searches conducted by CMS 
and ATLAS, we studied five additional CMS and ATLAS 
search strategies, variously employing cuts on jets, b-jets 
and leptons, designed to reveal light stop, gluino, and 
squark production. A number of interesting conclusions 
were established. 

Notably, we found that the entire region of the model 
space for M 1/2 > 440 GeV (m^ > 460 GcV and nig > 
600 GeV) thrives in at least one of the seven search 
methodologies. When all seven searches arc combined, 
a lower bound of M 1/2 > 565 GeV (m Fi > 615 GeV 
and m-g > 770 GeV) can be tentatively set. Also in- 
triguing is the potential for one experiment, the ATLAS 
search requiring at least one b-jet and exactly one lepton, 
to demand an upper bound of M 1 / 2 < 710 GcV (m^ < 
785 GeV and m-g < 970 GcV). However, it should be men- 
tioned that more recent ATLAS results (also included in 
the present study) on similar, though not identical, se- 
lection cuts do alleviate the need to mandate an upper 
bound on Mj / 2 . The values of Mi i 2 which are compati- 
ble with all search strategies under present consideration 
in the 1-er overlap exist within the range of 565 < A/ x / 2 < 
710 GeV, which we refer to as the Discovery Region. In 
order to test the statistical significance of any correlations 
across the simulated J--SU(5) collider response in these 
seven search strategies, we implemented a multi-axis x 2 
fitting procedure. The best overall match was obtained in 
the vicinity of M\i 2 — 610 GeV (corresponding to light 
stop and gluino masses of approximately 665 GeV and 
830 GeV) , where the x% cumulative distribution function 



in seven parameters was reduced to 5.5%. The range of 
masses having a better fit than the median at 1-cr signif- 
icance is 564-709 GeV, which is in excellent agreement 
with the simpler overlap statistic just reported. 

Both mechanisms produce a conspicuous overlap with 
the highly phenomcnologically favorable Golden Strip 
and Silver Strip, which add good agreement with rare 
process constraints on flavor changing neutral currents 
and the anomalous magnetic moment of the muon to 
the broader capacity of the model for respecting the 
WMAP7 relic density, the world average top-quark mass, 
radiative clcctroweak symmetry breaking, precision LEP 
Higgs and SUSY constraints, and the dynamically es- 
tablished boundary conditions of No-Scale supcrgravity. 
No less propitious is the ability to handily generate a 
125 GeV Higgs boson mass through additional loop pro- 
cess contributions from the vector-like flippon multiplcts, 
producing a fine accord with the statistical excesses re- 
cently reported by CMS and ATLAS in the mass range 
of 124-126 GcV. 

The damage exacted onto the supcrsymmetric model 
landscape by the swiftly progressing LHC constraints has 
been severe. The tension between the growing likelihood 
of a 125 GeV Higgs boson mass, developing CMS and 
ATLAS exclusion zones, and a supersymmetric spectrum 
light enough to be within reach of the current operational 
phase of the LHC has greatly altered the conventional 
wisdom as to how a discovery of supcrsymmetry would 
manifest at the LHC. While the validation prospects for 
almost all prospective models has greatly withered, the 
outlook for F-SU(5) appears to have in fact brightened; 
in stark contrast, it is perfectly capable of simultaneously 
striking each of these three targets. A rare feat nowadays, 
indeed. 



Acknowledgments 

This research was supported in part by the DOE 
grant DE-FG03-95-Er-40917 (TL and DVN),' by the Nat- 
ural Science Foundation of China under grant numbers 
1 082 1 504 and 1 1 075 1 94 (TL) , by the Mitchell-Heep Chair 



12 



in High Energy Physics (JAM), and by the Sam Houston 
State University 2011 Enhancement Research Grant pro- 



gram ( JWW) . We also thank Sam Houston State Univer- 
sity for providing high performance computing resources. 



[1] 
[2] 

[3] 

[4] 

[5] 
[6] 

[7] 
[8] 

[9] 

[10] 

[11] 
[12] 

[13] 

[14] 
[15] 



"Search for supersymmetry in all-hadronic events 
with a T ," (2011), CMS PAS SUS-11-003, URL 



[16 
4S PAS SUS-11-003, URL 
http : //cdsweb . cern . ch 
"Search for supersymmetry in pp collisions at y/s = 7 
TeV in final states with missing transverse momentum, [17 
b-jets and one lepton with the ATLAS detector," (2011), 
ATLAS-CONF-2011-130, URL |http : //cdsweb . cern . ch| 
G. Aad et al. (ATLAS Collaboration^ "Search for 
squarks and gluinos using final states with jets and miss- [18 
ing transverse momentum with the ATLAS detector in 
y/s = 7 TeV proton-proton collisions," (2011), 1109.6572. 
G Aad et al. (Atlas Collaboration), "Search for new phe- 
nomena in final states with large jet multiplicities and [19 
missing transverse momentum using y/s — 7 TeV pp 
collisions with the ATLAS detector," JHEP 1111, 099 
(2011), 1110.2299. [20 

"Search for Physics Beyond the Standard Model in 
Z+Jets+£™ iss ev ents at the LHC," (2011 ), CMS PAS 
SUS-11-019, URL |http : //cdsweb . cern . ch| 
T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"Profumo di SUSY: Suggestive Correlations in the AT- [21 
LAS and CMS High Jet Multiplicity Data," (2011), 
1111.4204. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, [22 
"Ultra High Jet Signals from Stringy No-Scale Super- 
gravity," (2011), 1103.2362. [23 
T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"The Ultrahigh jet multiplicity signal of stringy no-scale 
T-SU{5) at the y/s = 7 TeV LHC," Phys.Rev. D84, [24 
076003 (2011), 1103.4160. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"A Two- Tiered Correlation of Dark Matter with Missing [25 
Transverse Energy: Reconstructing the Lightest Super- 
symmetric Particle Mass at the LHC," JHEP In Press [26 
(2012), 1107.2375. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"Prospects for Discovery of Supersymmetric No-Scale F- [27 
SU(5) at The Once and Future LHC," Nucl.Phys. B859, 
96 (2012), 1107.3825. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, [28 
"The Golden Point of No-Scale and No-Parameter T- 
SU(5)," Phys. Rev. D83, 056015 (2011), 1007.5100. 
T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"The Golden Strip of Correlated Top Quark, Gaug- [29 
ino, and Vectorlike Mass In No-Scale, No-Parameter F- 
SU(5)," Phys. Lett. B699, 164 (2011), 1009.2981. 
T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"Super No-Scale J r -SU(5): Resolving the Gauge Hier- [30 
archy Problem by Dynamic Determination of Mj/2 and 
tan/3," Phys. Lett. B 703, 469 (2011), 1010.4550. 
T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, [31 
"Blueprints of the No-Scale Multiverse at the LHC," 
Phys. Rev. D84, 056016 (2011), 1101.2197. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, [32 
"The Unification of Dynamical Determination and Bare 
Minimal Phenomenological Constraints in No-Scale F- [33 
SU(5)," Phys.Rev. D In Press (2012), 1105.3988. 



T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. 
Walker, "The Race for Supersymmetric Dark Matter at 
XENON100 and the LHC: Stringy Correlations from No- 
Scale F-SU(5)," (2011), 1106.1165. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"Has SUSY Gone Undetected in 9-jet Events? A Ten- 
Fold Enhancement in the LHC Signal Efficiency," (2011), 
1108.5169. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. 
Walker, "Natural Predictions for the Higgs Boson Mass 
and Supersymmetric Contributions to Rare Processes," 
Phys.Lett. B708, 93 (2012), 1109.2110. 
T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"The F-Landscape: Dynamically Determining the Mul- 
tiverse," (2011), 1111.0236. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"A Higgs Mass Shift to 125 GeV and A Multi-Jet Su- 
persymmetry Signal: Miracle of the Flippons at the 
y/s = 7 TeV LHC," Phys.Lett. B In Press (2011), 
1112.3024. 

S. M. Barr, "A New Symmetry Breaking Pattern for 
SO(10) and Proton Decay," Phys. Lett. B112, 219 
(1982). 

J. P. Derendinger, J. E. Kim, and D. V. Nanopoulos, 
"Anti-SU(5)," Phys. Lett. B139, 170 (1984). 
I. Antoniadis, J. R. Ellis, J. S. Hagelin, and D. V. 
Nanopoulos, "Supersymmetric Flipped ST/ (5) Revital- 
ized," Phys. Lett. B194, 231 (1987). 
J. Jiang, T. Li, and D. V. Nanopoulos, "Testable Flipped 
£77(5) x U(l) x Models," Nucl. Phys. B772, 49 (2007), 
hep-ph/0610054. 

J. Jiang, T. Li, D. V. Nanopoulos, and D. Xie, "F- 
SU(5)," Phys. Lett. B677, 322 (2009). 
J. Jiang, T. Li, D. V. Nanopoulos, and D. Xie, "Flipped 
577(5) x U{l)x Models from F- Theory," Nucl. Phys. 
B830, 195 (2010), 0905.3394. 

T. Li, D. V. Nanopoulos, and J. W. Walker, "Elements 
of F-ast Proton Decay," Nucl. Phys. B846, 43 (2011), 
1003.2570. 

T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker, 
"Dark Matter, Proton Decay and Other Phenomeno- 
logical Constraints in J r -SU(5)," Nucl.Phys. B848, 314 
(2011), 1003.4186. 

E. Cremmer, S. Ferrara, C. Kounnas, and D. V. 
Nanopoulos, "Naturally Vanishing Cosmological Con- 
stant in N — 1 Supergravity," Phys. Lett. B133, 61 
(1983). 

J. R. Ellis, A. B. Lahanas, D. V. Nanopoulos, 
and K. Tamvakis, "No-Scale Supersymmetric Standard 
Model," Phys. Lett. B134, 429 (1984). 
J. R. Ellis, C. Kounnas, and D. V. Nanopoulos, 
"Phenomenological SU(1, 1) Supergravity," Nucl. Phys. 
B241, 406 (1984). 

J. R. Ellis, C. Kounnas, and D. V. Nanopoulos, "No Scale 
Supersymmetric Guts," Nucl. Phys. B247, 373 (1984). 
A. B. Lahanas and D. V. Nanopoulos, "The Road to No 
Scale Supergravity," Phys. Rept. 145, 1 (1987). 



13 



"F-enomenology," (2002), hep- 



[34] D. V. Nanopoulos, 
ph/0211128. 

[35] A. H. Chamseddine, R. L. Arnowitt, and P. Nath, 
"Locally Supersymmetric Grand Unification," 
Phys.Rev.Lett. 49, 970 (1982). 

[36] T. Moroi and Y. Okada, "Upper bound of the lightest 
neutral Higgs mass in extended supersymmetric Stan- 
dard Models," Phys.Lett. B295, 73 (1992). 

[37] K. Babu, I. Gogoladze, M. U. Rehman, and Q. Shah, 
"Higgs Boson Mass, Sparticle Spectrum and Little Hi- 
erarchy Problem in Extended MSSM," Phys.Rev. D78, 
055017 (2008), 0807.3055. 

[38] Y. Huo, T. Li, D. V. Nanopoulos, and C. Tong, "The 
Lightest CP-Even Higgs Boson Mass in the Testable 
Flipped SU{5) x U(l)x Models from F- Theory," (2011), 
1109.2329. 

[39] CMS, "Combined results of searches for the standard 
model Higgs boson in pp collisions at i/s — 7 TeV," 
(2012), 1202.1488. 

[40] ATLAS, "Combined search for the Standard Model Higgs 
boson using up to 4.9 fb of pp collision data at y/s = 
7 TeV with the ATLAS detector at the LHC," (2012), 
1202.1408. 

[41] "Combination of CDF and DO Results on the Mass of the 
Top Quark using up to 5.6 fb _1 of data (The CDF and 
DO Collaboration)," (2010), 1007.3178. 

[42] E. Komatsu et al. (WMAP), "Seven- Year Wilkinson Mi- 
crowave Anisotropy Probe (WMAP) Observations: Cos- 
mological Interpretation," Astrophys.J.Suppl. 192, 18 
(2010), 1001.4538. 

[43] R. Barate et al. (LEP Working Group for Higgs boson 
searches), "Search for the standard model Higgs boson 
at LEP," Phys. Lett. B565, 61 (2003), hep-ex/0306033. 

[44] W. M. Yao et al. (Particle Data Group), "Review of Par- 
ticle physics," J. Phys. G33, 1 (2006). 



[45] H. Baer, V. Barger, and A. Mustafayev, "Neutralino dark 
matter in mSUGRA/CMSSM with a 125 GeV light Higgs 
scalar," (2012), 1202.4038. 

[46] J. Conway et al., "PGS4: Pretty Good 

(Detector) Simulation," (2009), URL 

http: //www. physics .ucdavis . edu/~conway/research/ 

[47] "Search for supersymmetry in pp collisions at ^/s = 7 
TeV in final states with missing transverse momentum 
and b-jets with the A TLAS detector," (2012), A TLAS- 
CONF-2012-003, URL |http : //cdsweb . cern . ch| 

[48] T. Stelzer and W. F. Long, "Automatic generation of tree 
level helicity amplitudes," Comput. Phys. Commun. 81, 
357 (1994), hep-ph/9401258. 

[49] J. Alwall et al., "MadGraph/MadEvent Col- 
lider Event Simulation Suit e," (2011), URL 
http : //madgraph . hep . uiuc . edu/ 

[50] J. Alwall et al., "MadGraph/MadEvent v4: The New 
Web Generation," JHEP 09, 028 (2007), 0706.2334. 

[51] T. Sjostrand, S. Mrenna, and P. Z. Skands, "PYTHIA 
6.4 Physics and Manual," JHEP 05, 026 (2006), hep- 
ph/0603175. 

[52] T. Li, J. A. Maxin, D. V. Nanopoulos, 
and J. W. Walker, "CutLHCO: A Tool 
For Detector Selection Cuts," (2011), UR L 
http: //www. joelwalker.net/code/cut_lhco . tar .gz 

[53] G. Belanger, F. Boudjema, A. Pukhov, and A. Semenov, 
"Dark matter direct detection rate in a generic model 
with micrOMEGAs2.1," Comput. Phys. Commun. 180, 
747 (2009), 0803.2360. 

[54] A. Djouadi, J.-L. Kneur, and G. Moultaka, "SuSpect: A 
Fortran code for the supersymmetric and Higgs particle 
spectrum in the MSSM," Comput. Phys. Commun. 176, 
426 (2007), hep-ph/0211331. 



